PROGNOSIS SIGNIFICANCE OF INTRATUMOR MICROVESSEL DENSITY IN BITCH AND CAT MAMMARY TUMORS by Gal, A et al.
 151 
Bulletin USAMV-CN, 64/2007 (1-2). 
 
 
 
PROGNOSIS SIGNIFICANCE OF INTRATUMOR MICROVESSEL 
DENSITY IN BITCH AND CAT MAMMARY TUMORS 
 
Gal A., Hener Adriana, A.I. Baba, C. Catoi, I. Rus 
 
University of Agricultural Sciences and Veterinary Medicine, Faculty of Veterinary Medicine, 3-5 
Manastur Street, 3400 Cluj-Napoca, ROMANIA, e-mail: AGAL_77_2001@yahoo.com 
 
Key words: mammary tumor, microvessel, angiogenesis, prognosis, malignancy. 
 
Abstract. The purpose of the study is to see if there could be made an association between mammary 
tumor angiogenesis and malignancy degree. Our study tried to make a correlation between classical aspect that 
denote mammary tumor malignancy in bitches and cats, and tumor vascularity. There were realized a 
quantification of new formed microvessels on microscopic field, and also determined the intratumoral perimeter 
and aria of sanguine or lymphatic microvessels, utilizing an Olympus image analyzing system. The analyzed 
microscopic images were magnified of 400x, and vascular perimeter and aria were determined by Olympus DP 
Soft image analyzing program. The obtained results had been expressed in µm respective µm2. The results had 
been statistically interpreted, to follow up if the studied parameters could be used in bitch and cats mammary 
tumor histology grading and in prognosis establishment. 
 
INTRODUCTION 
 
Angiogenesis is essential for tumor development and metastasis, and a high degree of 
malignancy is correlated with a pronounced angiogenesis, because of increased necessity of 
feed in neoformation tissues. Angiogenesis is a complex process that has the finality the 
formation of new vessels from preexisting vascular network, or the formation of sanguine 
flowing channel limited by tumor cells, not by endothelial cells. Endothelial cells proliferate 
30-40 times faster in vessels from tumor structures comparative with normal tissues. A 
hypothesis regarding the increased angiogenesis in poorly differentiated tumors is the 
mutation accumulation in tumors, and some clones from neoplastic cells manifest an 
angiogenic phenotype (9). These aspects are not fully understood yet, but there could be 
involved a development of angiogenic stimuli, a decrease of angiogenic inhibitors or a 
combination between the two mentioned factors (7). Malign transformation can involve the 
loose of suppressor genes that codify angiogenic inhibitors, such us angiostatin or 
thrombospondin 1 (9), or the activation of the oncogenes that codify angiogenic inductors, 
such us endothelial growth factor and fibroblast growth factor (8).  
 
MATERIAL AND METHODS 
 
Mammary tumor formations had been provided by corps reached to Pathology 
department from the University of Agricultural Science and Veterinary Medicine, Faculty of 
Veterinary Medicine Cluj-Napoca, Romania. There were utilized 14 malign and benign 
tumors; malign tumors were represented by poorly differentiated mammary tumors, and by 
reduced aggressively mammary tumors. The benign tumors were represented by 1 poorly 
cellularised fibro adenoma and 1 simple adenoma. There had been made the necropsy and 
histopathology. The samples were fixed in buffered 10% formalin and processed by paraffin 
 152 
technique, and stained by hematoxilin-eozin and tricrom Masson technique. The mammary 
tumors are from 12 bitches and 2 cats, with the age of 4-11 years old. To make an appropriate 
histology gradation of malignant tumors were done nuclear degree and mitotic index, 
appreciated by quantification of the mitosis number in 400 cells. To evaluate the microvessels 
number, perimeter and aria, we used a semiautomatic computerized analysis technique. There 
were analyzed 3 microscopic fields on every tumor, totally of 42 microscopic images 
magnified of 400x. The microscopic images had been obtained by Olympus BX51 
microscope, connected to a photo digital camera (Olympus SP-350). The program utilized for 
image analysis of intratumor microvessels was Olympus DP Soft. We traced the microvessels 
frame to appreciate the aria, expressed in µm2 and also in percent (total vascular aria related to 
microscopic image aria), the total perimeter, expressed in µm and related to microscopic 
image aria, and the number of microvessels. Total vascular aria, total vascular perimeter and 
the number of microvessels were related to microscopic image area (71498,5 µm2). The 
evaluated vascular perimeters were correlated with histology type, and with the differentiation 
degree of mammary tumors. The dates had been statistically interpreted using T-Student test, 
with significant statistic values of p<0,05. 
 
RESULTS AND DISCUSSIONS 
 
The study was made on mammary tumors provided by 12 bitches of different breeds 
(3 Stray dogs, 1 Collie, 2 Caniche, 2 Cockers, 1 Belgian Shepperd, 1 Peckinez, 1 Teckel, and 
1 Doberman; there were also studied two European breed cats. It had been made macroscopic 
and microscopic exam of each mammary tumors, and established the histology types and 
malignancy histology degree based on 3 parameters: tubular pattern intensity in tumor mass, 
nuclear degree and mitotic index. There were utilized both malignant and benign tumors. In 
each case were evaluated the microvessel number, total perimeter and total aria.  
Case 1 - 8 years old Stray dog bitch. Anamnesis and gross aspects: the female 
presented a mammary tumor localized in left inguinal mamma. The tumor developed during 4 
months was adherent to mammary parenchyma; the tumor size was of 9.5 cm diameter. Local 
lymph nodes were hypertrophied and adherent to inguinal mammary gland. The female didn’t 
have pseudo lactations and weren’t made hormonal therapy; the subject had 2 gestations. 
Histology diagnose: carcinosarcoma, grade 2. 
Vessel 
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
62 11092.63 3889.04 15,5 
 
Case 2 - 8 years old Collie bitch. Anamnesis and gross aspects: the female had a 
mammary tumor localized in posterior right abdominal mamma and in the left inguinal 
mamma; both of them relapsed in 3 weeks from the rejection. The tumors had 3 to 7 cm 
diameter, and were adherent to mammary parenchyma. Local lymph nodes were 
hypertrophied with a dense consistence; furthermore, there were noticed several metastasis in 
lungs. The female didn’t have pseudo lactations or gestations, and weren’t made hormonal 
therapy. Histology diagnose: anaplastic carcinoma, grade 3. 
Vessel  
number 
Total vascular 
Area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
89 15811.79 6058,77 22,1 
 
Case 3 - 9 years old Caniche bitch. Anamnesis and gross aspects: the female presented 
3 tumors: one tumor of 5 cm diameter was localized in right M4 mamma, and the other two 
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tumors of 1 cm diameter were localized in left M5 mamma. In gross section, the larger tumor 
had a purulent aspect and a thick capsule. The local lymph nodes weren’t changed. The 
female didn’t have pseudo lactations and gestations, and weren’t made hormonal therapy. 
Histology diagnose: spindle cell carcinoma, grade 2. 
Vessel 
number 
Total vascular 
Area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
50 6579.87 2730.11 9,2 
 
Case 4 - 11 years old Cocker bitch. Anamnesis and gross aspects: the subject had a 5 
cm mammary tumor, localized in the right M3 mamma, which was removed 6 months ago. 
Furthermore, were noticed other two small (under 1 cm) mammary tumors in right M4 
mamma. The female didn’t have pseudo lactations and weren’t made hormonal therapy; the 
female had 3 gestations. The histology had been made from the larger tumor. Histology 
diagnose: complex carcinoma, grade 2. 
Vessel number Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
70 11406.78 4730.73 15,9 
 
Case 5 - 9 years old Stray dog bitch. Anamnesis and gross aspects: the female had a 
1,5/1 cm mammary tumor in right M5 mamma, that begin to develop 1 month ago. The tumor 
was mobile, capsulated, with a dense consistence. One year ago was removed a tumor 
formation from right M2 mamma. The female didn’t have pseudo lactations, and weren’t 
made hormonal therapy; the subject had 1 gestation at 4 years old. Histology diagnose: 
carcinoma in TMB, grade 2. 
Vessel 
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
56 10866.31 4124.31 15,1 
 
Case 6 - 10.5 years old German Sheppard bitch. Anamnesis and gross aspects: the 
female presented mammary tumors in right M4 and M5 mammas. The bitch had a simple 
tubular carcinoma 3 years ago. The M4 mammary tumor had 1,8/1,5 cm diameter, with 
grayish liquid in gross section. The M5 mammary tumor had an irregular surface and 1/1 cm 
in size. Local lymph nodes did not present macroscopic changes. The female didn’t have 
pseudo lactations, but the female supported hormonal therapy to avoid the estrus; the subject 
had 1 gestation. Histology diagnose: simple tubular-papillary carcinoma, grade 1. 
Vessel 
number 
Total vascular 
Area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
28 11284.06 2775.63 15,7 
 
Case 7 - 10 years old Caniche bitch. Anamnesis and gross aspects: the subject had a 
vaginal tumor (leiomioma) and a 7 cm mammary tumor in left M3 mamma. The female had 
been suffered an operation one year ago, because of one mammary tumor placed in M5 
mamma. Local lymph nodes weren’t modified. The female didn’t have pseudo lactations and 
weren’t made hormonal therapy; the bitch had 2 gestations. Histology diagnose: squamous 
carcinoma, grade 3. 
Vessel  
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
61 7684.63 3266,21 10,7 
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Case 8 - 4 years old European breed cat. Anamnesis and gross aspects: 2/1,5 cm 
neoformation appeared 6 months ago in left M4 mamma. The female didn’t have pseudo 
lactations and weren’t made hormonal therapy; the subject hadn’t had gestations. Histology 
diagnose: simple tubular carcinoma, grade 3. 
Vessel 
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
78 10236.56 4821,52 14,3 
 
Case 9 - 6 years old European breed cat. Anamnesis and gross aspects: there were 
several mammary tumors in the posterior right mammas and in the left thoracic mamma, 
which appeared 2,4 months ago with a fulminating development. The tumors had an aspect of 
a mass that involved both abdominal mammas, and was adherent to skin and mammary tissue. 
The female didn’t have pseudo lactations and weren’t made hormonal therapy; the subject 
hadn’t had gestations. Histology diagnose: simple solid carcinoma, grade 3. 
Vessel 
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
84 15938.66 5885,72 22,3 
 
Case 10 - 11 years old Pekinez bitch. Anamnesis and gross aspects: the female 
presented a 3 cm diameter mammary tumor in the left M5 mamma. The female didn’t have 
pseudo lactations and weren’t made hormonal therapy; the subject hadn’t had gestations. 
Histology diagnose: solid carcinoma, grade 2. 
Vessel 
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
84 16417.26 6338,41 22,9 
 
Case 11 - 9 years old Teckel bitch. Anamnesis and gross aspects: the female had 2 cm 
mammary tumor in the left M4 mamma. Local lymph nodes weren’t modified. The female 
have had pseudo lactations and received hormonal therapy with Covinan 2 years ago, to avoid 
the estrus; the subject hadn’t had gestations. Because of ovarian cysts the bitch was ovaries-
histerectomized. Histology diagnose: mucinous carcinoma, grade 1. 
Vessel 
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
40 7479.75 2528.00 10,4 
 
Case 12 - 11 years old Stray dog bitch. Anamnesis and gross aspects: the tumor 
developed in right M5 mamma was adherent to mammary parenchyma and ulcerated; inguinal 
and regional lymph nodes were enlarged and with a dense consistence. The female had 
periodically, by 2 years, pseudo lactations and weren’t made hormonal therapy; the subject 
hadn’t had gestations. Histology diagnose: mammary carcinosarcoma, grade 1. 
Vessel 
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
59 13003.10 4161,06 18,1 
 
Case 13 - 4 years old Doberman bitch. Anamnesis and gross aspects: the localization 
of examined mammary tumor was in left M3 mamma, and had 3-4 cm diameter. The subject 
had another larger mammary tumor in the right M4 mamma, by 6-7 cm diameter. The local 
lymph nodes weren’t modified. From 2 years ago, the female had pseudo lactations; the 
subject hadn’t had gestations and the bitch didn’t suffered hormonal therapy. Histology 
diagnose: poorly cellularised fibro adenoma. 
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Vessel 
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
74 11625.14 4808.08 15,5 
 
Case 14 - 4,5 years old Cocker bitch. Anamnesis and gross aspects: the female had 2 
mammary tumors, one of them removed 10 months ago and localized in right M4 mamma, 
and the other one localized in right M3 mamma; the tumor had 1 cm in size and developed 
during 2 weeks. The female didn’t have pseudo lactations and weren’t made hormonal 
therapy; the subject hadn’t had gestations. Histology diagnose: simple adenoma. 
Vessel 
number 
Total vascular 
area (µm2) 
Total vascular 
perimeter (µm) 
Microvessel  area/image aria (%) 
75 5581.0 3510,19 7,8 
 
Mammary tumors in bitches and cats are one of the most frequent encountered tumors 
(second place) that affect almost exclusively the females, with an increased incidence in 6-7 
years old subjects (6). In veterinary medicine is a sustained effort of adding to classical 
prognostic factors (tumor size, cutaneous ulcers, lymph node invading) of others prognosis 
factors, by quantification of genetic mutations (2, 4, 5), by calculation of tumor proliferate 
index (5) or by intratumor micro vascular degree quantification (3, 9). In the actually report, 
we tried to make a correlation between the main prognosis factors (tumor size, ulcers, mitotic 
index, nuclear degree, lymph node invasion, metastasis, histology type and histology degree) 
and intratumor microvessel density. From all examined mammary tumors (n=14) only one 
tumor presented cutaneous ulcer (7.14%), and also just in one case we noticed metastasis by 
necropsy (7,14%). To make a good malignancy appreciation the tumors had been framed in 3 
histology degree like in OMS classification (1). 
Table 8. 
Statistic significance of microvessel area, perimeter and number, related to benign tumors; statistic 
significant values p<0,05 
Benign  tumors Malign  tumors 
Grade I Grade II Grade III 
 
Aria 
(µm2) 
Perim. 
(µm2) 
Vess. 
Nr.  Aria 
(µm2) 
Perim. 
(µm2) 
Vess 
Nr. 
Aria 
(µm2) 
Perim. 
(µm2) 
Vess 
Nr. 
Aria 
(µm2) 
Perim. 
(µm2) 
Vess 
Nr. 
Mean 115.4 55.8 74.5 252.1 75.1 42.3 175.0 67.7 64.4 159.3 64.2 78.0 
Standard 
deviation 
121.5 32.5 13.2 504.1 62.4 15.6 187.1 43.0 13.2 166.4 40.6 12.1 
Percentage 
deviation 
   118.3 34.5 -43.1 51.5 21.3 -13.5 37.9 15.0 4.6 
T Test (p)    0.0007 0.0005 0.03 0.0002 0.0005 0.17 0.002 0.014 0.3 
. 
In spite of a greater microvessel  number in benign tumor than in malignant grade 1 
and 2 tumors, micro vascular area and perimeter was greater both in low aggressively 
malignant tumors (p<0,001) and in aggressive malignant mammary tumors (second degree - 
p<0,001 and third degree - p<0,01). We didn’t notice a statistical significant correlation of 
microvessel number in benign tumor comparative with the malignant tumors (p>0,05), 
comparative with literature dates (9). Despite of that, in malignant tumors, microvessel 
density increase progressively with malignancy degree (1 to 3 degree), especially in poorly 
differentiated carcinomas (solid and anaplastic carcinoma - cases 2, 9 and 10). Total 
microvessel aria and perimeter related to image area (71498,5 µm2) are the main parameters 
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that could be useful in canine mammary tumor grading (p<0,001). In benign and in grade1 
carcinomas, the microvessels were larger, with irregular walls and obvious erythrocytes in 
lumen. In grade 2 and 3 mammary tumors, the microvessels were small, with a reduced lumen 
and irregular boundaries. The vessel aria and perimeter were lower in grade 2 and 3 malign 
tumors, comparatively with differentiated malign and benign tumors. An increased intratumor 
microvessel density could be associated with malignancy degree, and our results indicate that 
vascular density has an important prognostic significance to establish mammary tumor 
grading and prognostic. Only histology grading do not offer all the information regarding the 
behavior of the bitch and cats mammary tumors. In this way the development of 
morphometric methods can improve some of the problems by making associations between 
histology aspects and grades with intratumor microvessel density. Based on our results we can 
mention that microvessel density (at least total vascular area and perimeter) like an expression 
of angiogenesis can be used in canine mammary tumor grading, being a sensitive parameter 
that correlate with malignancy. Furthermore, microvessel size evaluation can provide 
important supplementary information about angiogenic potential of the mammary tumors. 
 
CONCLUSIONS 
 
Microvessel area and perimeter is larger in malign tumors, that in fact is confirmed by 
T-Student test (p<0,001 in grade 1 and 2, and p<0,01 in grade 3 mammary tumors). The 
microvessel number in benign tumors, comparative with the malignant one, has no 
remarkable predictive significance (p>0,05), comparative with specialty literature (9). 
Nevertheless, in malignant tumors the vessel density increase progressively, especially in 
poorly differentiated mammary tumors (solid and anaplastic carcinomas – cases 2, 9 and 10). 
The intratumor microvessel aria and perimeter could be variable in mammary tumors, no 
matter of their nature, but total microvessel  aria and perimeter related to image area (in our 
case 71498,5 µm2) are the main parameters that could be useful in mammary tumor 
malignancy grading (p<0,001). Our results suggest that microvessel density has a remarkable 
prognosis value that could be utilized, together with the others classic prognosis factors, in 
histology grading and prognosis establishment of mammary carcinomas in bitches and cats; 
microvessel density (at least total vascular area and perimeter) like an expression of 
angiogenesis can be used like a sensitive parameter that correlate with malignancy. 
 
BIBLIOGRAPHY 
 
1. BABA A.I., 2002, Oncologie comparată, Ed. Academiei Române, Bucureşti, 381-407. 
2. COLLAN Y., HAAPASALO H., 1991, The value of mitotic counting in the assessment of 
prognosis and proliferation in human tumours. J. Pathol., 163: 361-364. 
3. CRAFT P.S., HARRIS A.L., 1994 Clinical prognostic significance of tumour angiogenesis. Ann. 
Onc., 5: 305-311. 
4. DESTEXHE E., BICKER E., COIGNOUL F., 1995 Image analysis evaluation of ployd, S- phase 
fraction and nuclear area in canine mammary tumours. J. Comp. Path., 113: 205-216. 
5. QUEIROGA F., LOPES C., 2002, Tumores mamários caninos, pesquisa de novos factores de 
prognóstico, RPCV 97, (543) 119-127. 
6. FERGUSON H.R., 1985, Canine mammary tumors. Veterinary Clinics of North America: Small 
An. Pract., 15: 502-511. 
7. FIDLER I.J., ELLIS L.M., 1994, The implication of angiogenesis for biology and therapy of 
cancer metastasis. Cel.l 79, 185-188. 
8. OLOFSSON B., PAJUSOLA K., KAIPAINEN A., 1996, Vascular endothelial growth factor B, a 
novel growth factor for endothelial cells. Proc. Natl. Acad. Sci., USA 93:2576–2581. 
 157 
9. RESTUCCI B., DE VICO G., MAIOLINO P., 2000, Evaluation of angiogenesis in canine 
mammary tumors by quantitative platelet endothelial cell adhesion molecule 
immunohistochemistry. Vet. Pathol.,37:297-301. 
